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84a Sunday, February 8, 2015development process and to avail pharmaceutical company-vetted drug candi-
dates to academicians who wish to explore novel strategies for preventing and
treating malaria, the Medicines for Malaria Venture developed the Malaria
Box. To assist in this effort, and to reduce the expenses required for drug
development, we tested the 80 most potent compounds from the Malaria Box
for their bilayer-perturbing effects, as sensed by a membrane-spanning channel,
as a proxy for a generic membrane protein. Specifically, we used a gramicidin-
based stopped-flow fluorescence assay to probe whether the compounds altered
lipid bilayer properties at the concentrations where they are used to inhibit/kill
the malaria parasites. Membrane-active compounds are expected to be ubiqui-
tous modifiers of membrane protein conformational changes, meaning that they
are predicted to be toxic (above some threshold concentration). Among the
compounds tested, four altered membrane properties (p<0.05), and one of
them MMV007384 was a potent bilayer-perturbing compound that should be
used with caution, if at all. This compound was indeed known to be toxic in
cell-based screens, suggesting that one can use the gramicidin-based fluores-
cence to test for cell toxicity.
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It remains a challenge to predict whether or not a new drug candidate will
have undesirable side-effects in the clinic. Many biologically active mole-
cules, including drugs and drug-leads, are amphiphiles that partition into lipid
bilayers, which may alter bilayer physical properties, thereby modulating
membrane protein function. Such bilayer-modifying molecules may be pro-
miscuous modifiers of membrane protein function, raising the possibility
that they have off-target effects. Thus, it may be possible to predict whether
a compound will have important off-target effects based on quantitative
studies on the compound’s bilayer-modifying potential. We developed an
assay to quantify the bilayer-modifying potential of large numbers of com-
pounds. Using a gramicidin-based fluorescence assay (GBFA), which reports
how a compound alters the gramicidin monomer<->dimer equilibrium, we
have shown that many drug and drug-leads alter lipid bilayer properties at
the concentrations where these compounds become indiscriminate modifiers
of membrane protein function. Such indiscriminate modifiers of membrane
protein function are likely to have off target effects; we pursued this question
in a study on a library of compounds that had been tested for cytotoxicity in
‘‘high-content’’ screening assays that quantified cellular ATP levels, nuclear
morphology, nuclear membrane integrity, and apoptosis in immortalized liver,
lung, and neuronal cell lines. We tested 134 compounds (40 non-toxic, 40
moderately toxic and 54 highly toxic) using the GBFA (the library was
‘‘blinded’’ until the results of the GBFA were known) and found that the
GBFA predicts cellular toxicity, with the Area Under The Curve of the
Receiver-Operating Characteristic being 0.84. These results further support
a mechanism by which amphiphiles exert their toxicity, namely by altering
lipid bilayer physical properties and that such an in vitro measurement could
be used as a warning sign for off-target biological effects in drug discovery
efforts.
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Fengycin is one of a class of cyclic lipopeptides synthesized by the bacterial
genus Bacillus. Many bacteria synthesize similar cyclic peptides, some of
which have antifungal or even antibacterial properties, so studying how they
interact with membranes is a promising path for drug development. Previously,
we ran a series of coarse-grained molecular dynamics simulation studies using
MARTINI force field exploring the interactions of fengycin with models for
bacterial and fungal membranes. The results suggested that the peptide’s ability
to aggregate and deform the membrane depended on the nature of the surround-
ing lipid headgroups, and that these interactions might be the origins of its
selectivity. However, coarse-grained models by definition lack atomic-level
resolution, so all-atom simulations are needed to confirm and expand on these
results. First, we developed parameters for several unusual chemical moieties
found in fengycin, such as the cyclization between the C-terminus and a tyro-
sine side chain, as well as the amide linkage between Glu and b-hydroxy pal-mitic acid. We validated these parameters via simulations of isolated and
clustered fengycin molecules in water, as well as simulations of it bound to
two membrane compositions: POPC (to model mammalian or fungal mem-
branes) and 2:1 POPE:POPG (to model bacterial membranes). The analysis
of these simulation will reveal more details of the interactions between fengy-
cin and membranes.Membrane Structure I
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It is widely accepted that lateral heterogeneity in the plasma membrane (PM)
plays a role in signaling, transport, and the pathogenesis of some viruses and
bacteria. In many cases, the size and connectivity of ‘‘raft’’ domains is crucial
for understanding their genesis and mode of action, yet detailed knowledge is
still lacking. For example, the observation of ~ 10 nm diameter rafts in the PM
of unstimulated cells, as well as in multicomponent lipid-only model mem-
branes, has led to several theories explaining nanodomain stability, including
microemulsions, critical fluctuations, the presence of line active molecules,
or competing interactions (e.g., line tension and bending energy). Unique
among biophysical tools, small-angle neutron scattering can in principle give
detailed information about the size, shape and spatial arrangement of domains.
We present a general theory for scattering from laterally heterogeneous vesi-
cles, including form factors for vesicles containing an arbitrary number of
domains. These form factors are then applied to the analysis of neutron scat-
tering data from phase-separated vesicles, with an emphasis on distinguishing
the size and spatial arrangement of domains. We discuss important experi-
mental considerations, including the use of contrast matching to highlight
different structural features.
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For length scales shorter than several membrane thicknesses, many molecular
dynamics simulations of single component lipid bilayers have reported
significant deviations in the measured height-height fluctuation spectrum
compared to predictions from the Helfrich free energy. Recently, others
have posited membrane models that depend on molecular tilt and that
have been shown to be consistent with the aforementioned deviations. We
present the first experimental support for a tilt-dependent theory for bio-
membrane mechanics. X-ray scattering from a liquid crystalline stack of
oriented fluid phase lipid bilayers was collected and compared to the predic-
tions of tilt-dependent and tilt-independent membrane models. Both tilt-
dependent and -independent models satisfactorily fit the X-ray data dominated
by in-plane correlation lengths much greater than membrane thickness
(> 100 A˚), but only a tilt-dependent model accounts for X-ray data primarily
attributable to shorter length correlations. By fitting the measured X-ray
scattering intensity, both the bending modulus Kc ¼ 8.3 5 0.61020 J
and the tilt modulus Kq ¼ 95 5 7 mN/m were determined for DOPC lipid
bilayers at 30C. Our experimental results support the enrichment of the
classic Helfrich continuum model to include molecular tilt. Since the size
of many biomembrane related molecules is similar to tilt-dependent length
scales, the tilt modulus may be highly sensitive to various membrane-
biomolecule interactions.
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Lipid bilayers can display a wide range of morphologies and are simple models
for the cell membrane, that not only defines the cell limits but also provides a
matrix for anchoring a variety of substances, e.g, membrane proteins, glyco-
lipids, etc., that play an essential role in the cell.
Recently, we have been studying the structural effects of synthetic quinones on
lipid model membranes, in order to investigate their contribution to morphol-
ogies possibly involved in the electron transfer process. Summarizing, we
